, Oztug Adsan 1 We have observed adductor muscle contraction during a bladder tumour resection. Here, we would like comment on an electrically induced muscle contraction explained by a hypothesis of ephaptic transmission.
An adductor muscle contraction (AMC) is a violating event that occurs during transurethral resection of a bladder tumour (TURBT), which is located on the inferolateral sides of the bladder, under epidural or spinal anaesthesia [1] . During the resection, the current of the electrocautery loop can irritate the obturator nerve (ON), and a sudden AMC can push the bladder wall to the electrocautery blade and lead to inadvertent perforation of the wall [2] .
To our knowledge, an inappropriate nomenclature has been used (i.e., the term "reflex," as in obturator reflex, obturator nerve reflex, or adductor reflex) to express these undesirable contractions. For the use of a more accurate nomenclature, we aim to discuss this nomenclature in the context of AMC as well as the mechanism of inducing the contraction during TURBT in light of the literature.
A deep tendon reflex is composed of a two-neuron arc. The afferent neuron, whose cell body is in a sensory ganglion, innervates the muscle spindle. When the muscle spindle is stretched, this neuron gets excited and monosynaptically excites alpha motoneurons in the anterior horn of the spinal cord. This alpha motoneuron is the second neuron of the arc; it supplies the muscle that is transiently stretched. After a stimulus is applied to the muscle spindles, a reflex contraction results if the reflex arc is intact [3] .
The absence of a reflex contraction may be due to a number of factors affecting either or both neurons. Loss of neurons and a lot of metabolic disturbance negatively affect the neurons, including diabetes, alcoholism, pernicious anaemia, some toxins, etc. [3] . General anaesthesia has been known to block the AMC when succinylcholine was administered to the patient [4] . Spinal anaesthesia has recently been shown to block the reflex arc transiently in patients with chronic complete cervical spinal cord injuries who experience spasticity of the lower extremity and positive deep tendon reflexes [5] . The deep tendon reflexes are elicited by a short, sharp blow to the tendon of an extended muscle [6] . In AMC, an electrical impulse evokes a contraction, but since there is no blow to the tendon and there is no intact reflex arc, it is not clear how this contraction happens.
Spinal or epidural anaesthesia blocks the electrical conductivity of the neurons and interneurons that are located in the spinal cord, resulting in break of the reflex arc. This is confirmed by the absence of superficial or deep tendon reflexes, such as the Babinski sign and patellar reflex, in patients under spinal anaesthesia. As they are located at the same lumbar nerve roots 2 to 4 as the obturator nerve, patellar reflexes have been shown to disappear after spinal anaesthesia and recover when the effects of local anaesthetics end [5] . Therefore, a muscular contraction induced by electrocautery under epidural/spinal anaesthesia may not exhibit an "excitation and reflex," since the reflex arc is broken.
Taken together, a deep tendon reflex is generated by stretching the tendon of the muscle and requires an intact reflex arc. Therefore, the contraction encountered during TURBT with a simultaneously blocked patellar reflex should be due to an electrical stimulus to the efferent fibres of the obturator nerve and referred to as a response rather than a reflex.
Another issue of interest may be how such indirect irritation of the electrical current can result in such a great unwanted contraction in the adductor muscle. The loop of the electrocautery instrument is never in contact with the obturator nerve body or its branches, but the nerve body is still evoked from the electrical current of the loop. Additionally, the contraction can be eliminated by local anaesthetics infiltration [7] . Thus the conduction of the electrical stimulus may be assumed to take place via a neural pathway. Therefore the contraction cannot be generated by any direct stimulation of the electro-cautery, which is also away from the axonal body of the obturator nerve. A possible explanation of such a muscular response to an indirect and distant stimulus may be via the hypothesis of "ephaptic transmission".
Classically, we know that electrical current can flow along a nerve to the end of the nerve fibre, and if there is a synapse, the current flow can go on via the synapse to the next neuron. This kind of electric conduction is called synaptic transmission [8] . Ephaptic transmission is conduction of a neural impulse from one nerve fibre, axon, or dendrite to another through the membranes, not along the fibres. Starting with animal models, this hypothesis was proposed to occur between mammalian cells as a transient phenomenon following acute injury of a peripheral nerve, as shown in trigeminal neuralgia and some other neurologic diseases [9] .
In the hypothesis of ephaptic transmission, a large enough impulse, by generating an electric field extracellularly, can traverse the adjacent branches of other nerves that are in a position of ephapse, that is, running side by side without a direct connection. In this way, the impulse can be disseminated and can result in a strong response that is disproportionate to the initial stimulus [10] . As is well known, direct contact of the electrocautery device is never an issue with the obturator nerve, which passes inferolaterally to the bladder. When taking the above into consideration, ephaptic transmission could be the only way for a stimulus to reach the nerve running behind the bladder wall. Ephaptic transmission has been proposed as a time-and temperature-dependent event [9] . If this experimental conclusion applies in a human model, then one could expect a beneficial application to AMC during TURBT.
According to the definition of the term "reflex," AMC during TURBT seems to be a response rather than a reflex. Therefore, the word "reflex" is a misnomer in this context. A possible explanation of such a muscular response to an indirect and distant stimulus may be via the hypothesis of "ephaptic transmission". Conduction of an electrical current from the electrocautery loop to the obturator nerve cannot happen in a synaptic way, as this is absent from this scenario; therefore, ephaptic transmission could be the only possible way that this occurs. Obviously, this hypothesis needs to be confirmed electrophysiologically in an adductor contraction during TURBT. Further studies will be necessary to identify the ephaptic transmission in animal and human models.
